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a-^-^VStS Serial No. 

Ms applieafion is a ° IsoUtog , f<m Vein" Med on 

Oom W .«^"A«»^ mdMe,h ^~ Paten, Applied entitled 

April 5 , IW . , — c ^r*;^ - - - «. — 

assigned to the same assignee, and incorp 

BackcrpundOfThjinvention 

The present invention relates it relate s to an ablation catheter 

— • — 

configured .oe^cany isolate a vesseMuch -P ^ ^ , , esion 
theleft atrium with a continuous ies,on pa«=m and a 

si „aU necessary to produce c— V „ ^ This inrpu.se 

^ in tfie nght atrium where a snroa*, ^ ^ ^ ^ ^ Ue 

, men spread* across fire right atnum ,0 fir e lefi a ^ ^ 

chant reacfionconfinuesnom fire anrato the — hyp . ^ ^ 

33 fc a— ,ar (AV> ~ wMe ^ slowtag fire 
ventricles. The AV junctron deUvers the srgna 

arria can relax before fire venme.es contract proHems 

25 „ces h, the heart's **- ^ ^ ^ or 

that ean cause fire hear, to hea, ureguMy, too f ^ ^ ^ Qf 

^ are eaused hy physical or ^ ^ signal ^ fire 

Cecrica. impulses torn me sinoatna, node ^ fc ^ ^ 
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f .trial tachycardia, including atrial fibrillation and atrial flutter, 
several different forms of « al tac yc, ^ 

understanding, suggesting that nearly ^.^ 
ln «. re g ard, as - near, deve,op, *- - — wiated ^ fcis , issue 

0 cause. ImplanBb.e devces, on rhe odrer hand, usu y Memby 
occurs. Surgic*. and catheter-based — s, » ~ fibri , lation . ^ 

abl a,,ng the — tissue or accessory P«^'^ — » <* 

T:r 8 a ^Jiri, and .us *e .geted ^ - 

30 ~ 
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electrical impulses are 

g e„era,ed urithin a FV. efforts have been m ^ ^ „ „ ot 

Ohviou* * P*» — tri-^ ended" aUarion 

condo cive .0 plaeemen, -^.iSi**----**-» W1 - 
catheter has been employed. Wnle <hrs « ^ 

More particuMy, due .0 .he — s- ^ ^ ^ ^ ^ ^ 
PV, it is ** «ha. ablation of this ssuemay ^ ^ ^ oth 

Because PVs have a redely smaU » „ may * undesirably 

j ^bodiiystrnc-es are dneeUyadiacen. each P . 

dam agedwhenab,ann g *UhinaPV. ^ ^ suggesKd whe ,eb, a 

„ Hght of the above, an alternate ^ ^ ^ ^ ^ 

Worthy, whiie PV rso.at.on » - ^ exis.. Mos, 

PV ostium appears high* viable, no accept** a ^ „ . 

sliding fashion alon g *e ariia! ™ « ^ tWs gene* accepted 

ctbeter is Really slid along (or para ^carrying end into a 

c^umtion in mind, it ma, be J-* ^ ^ patent No . 5,6,7 

sma „ ring sized in aceordanee <he FV*- ^ ^ includes . 

25 Mioses one such possmiU*. More p— • ^ ^ PuIS „a„, 

substantially ring" shaped portion from the catheter body- In theory, the ring* 

shaped portion may he piaeed » ~" "= ^ ^ 

30 toIccateandmenahgnthenngaboutaPVos 
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, a the ostium in a radial direction (relative to a central 
wall . The ring must be directed toward ^^^^^^^^o-tan. 

— ostium, 

the periodic blood flow through the PV wo 

^.as^cafl.o.erbodywovddnotp.ovidoanysuppo ^ ^ ^ ^ 
A related concern entails mappmg of P ^ 

- * ablaU °- r; v ; 11 depolari.rtg tissue has been idenfified, 
originates wirhin one or mo* P . b, placing one or 

nscesaar, ablation steps can be taken. Mappmg h ^ fc map ^ 

m0I e mapping elects into contact wrth *e ^ ^ _ 

^ . PV, therefore, a relatively ^ ^ Abhtion ca ,hete K configured to 

sM e along the atria, wall cannot ntcH.de a sepa* ^ ^ ^ for 

p „ vein osfinm presents a ^ wi „ md , eft 
fibriUafion. However, the umnne anneal ^ , 

20 atrium render current* avafiable fc — ^ng of one or 

social need exists for an ablatton cafireter de ,g 
more ablafion electrodes about a pulmonary vetn osttum, as 



25 



vein mapping information. 

Su^marxOOMl5Yentipn 



30 



wi a fluid source. Tbe catherer body tncludes a £»- ^ ^ 

thc pro- portion ^ ^ fiom fire pro- portion «o 

intermediate portion and forms a helix. 
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• • f^d along the helix of the distal portion 

defines a loop transverse ro the long ^ fom 

Soporous materia, In fiuld corn— ^ firsU ^ ^ ^ _ _ ^ fa 
fce « ,umen ,o an exrerior surfcce of ^ ^ ^ ^ , ^ „ 

assoeiared with <he ablation sectton. Ftnally, m ^ 

the first ,ume„. Wi.fi -figuration, ^ ^ ^ a 

continuous, elosed lesron pattern. Dunng . ^ ^ aboot . 

pulmonary vein osttum to electncally micIO porous PTFE. 

Urrea embedment, the ablation sectton ■ - - P for ^ o( 

Anouter aspect of .be present ntventton re.a.=s » ^ ^ 

cat d ia c arrbymmia. Tbe — — . ^ ^ an 

5 abl a,ion section and a firs. .umen. Tta* . $ ^ ^ , he iistal ^on. 
is comprised of a flexible ma.ena.. Tbe ablatio ^ ^ ^ Q „ e 

Uc firs, lumen extends fiom me P-mal ^ on m ^ . ^ 

Cecttode is associated witb me ab.ation and a *tf segment Urdus 

deposed w.tbin.beflrst.umenand.n.udes ^g ^ ^ ^ § 

20 regard, Are distal segment ts compnsed »^ di— segment wUbin me 

M ix sbape. WUh *is conflguratton, upo «- ^ ^ ^ ^ the 

dist a, portion, rite d,sta, porrion assumes *e « ^ ^ ^ ^ „ 
aW afion section forurs a loop. Dunng ~ *\J fc example , abou, an 

odrervrise dictated by me dista, segment of tite ^ ^ ablal es a 

25 ostiumofapmmonaryvein. UP- — ^ Utereby e,ectrica„y bating .be 
continuous, closed lesion pattern ab^ , * e o ^ ^ ^ ^ 

pubnonary vein from a remamder of me md 
emb odtinen,, a pUn* - *~ ~ ^ ^ fc shaping .re mo, Cose,, 

30 conforming in size and shape to in v 
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, „f th e presen. invention re.a«es to a method for forming an 
Vet another aspect of «h P« ^ ^ taviog M osttam 

^^■rr^lli-- — The roethoa includes 
formed „ a chamber waU, for shaping ^ ^ a, leas, one 

Meeting a catheter assert «Um a «— ' ** ^ . first lume „ 
electtode . The^hoavWudesaprox-^ ^ to «a> ponion 

includes an ablation section. The shap.ng wtr ^ ^ ^ {Q 

mi indudes a p.oxnna, segment and a . ^ ^ ^ ^ 

lively assume a tot hehcal shape. . ^ ^ The 

th c ablation section. The dista, portion <**« ^ W - . ^ ^ ^ 

dist a, portion is men formed to a heuca. ^ J ^ „ dueCed 

wire , inchtdmg formation of tite amatton ^^L^^ about the ostium. 
tmrar d.he ostium such ^ closed iesion partem abon, the 
Pin*, the electrode is energtzed . a«e ^ ^ ^ 

pattern to electric* rso.a«e a vesse. from a chambe. ^ § 

, I chamber »a„ fo, ~ ' ^ abl catheter, and a, .east one 
catieK , assembly Ending a ««cr ^ „ „ opening and indudes a 

ekctrode . The delivery ca.he.cc tonus a « y,.,^^ 
dist al locator extending distal me opemng. ^ ^ 

md a dis*. po^n ma, selective* assumes , ^ ^ ^ ^ ^ 

25 Mudes an ablation section formtng a to p. ^ ^ ^ ^ 

aHationsection. The M locator . „ deploy£d from fc detivcy 
dist a, tocator. The W portron of <he aWatton ^ ^ ^ ^ 

via me opemng. The distal portton . ° ^ ^ „ 

ab,a«on section contacts tite chamber wall about te e ^ ^ 

30 energized ,0 ablate a continuous, closed ,esio„ patterns ahou, 
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u in one preferred embodiment, the catheter assembly 
isolate the vessel from the chamber. In rf ^ ^ catheter . 

^her includes a sensing * ^ tissue conductivity 

With this alternative embodiment, the method turt 

• i .trnde to evaluate an extent of ablation, 
with the sensing electrode to evaiu* 

FIG. 1A is a side-elevational vtew of a catheter 

present invention; ^ ^ Msembly of FIG. U; 

FIG. IB is apertrpeettve vtew of pIG , A; 

FIG. ID is an end view of a portion 01 
with the present invention; of plG ^ withm a heart; 

™^rrr.^-- —- — 

HO. 3C is a side view of a portion of an alterna 

^ rf '^ , ^ l,,,,,-, ' - " , ' 

with the present invention; y of nQ 4A ^thin the left 

FIG. 4B illustrates placement of the cam 

atrium of a heart; catheter assembly in accordance 

25 FIG-SAisasideviewofaportionofanaltemati 

with the present invention; aMenWy in accordance 

FIG. 6 is a side view of a portion of an alternati 

with the present invention; in accordance 

FIG . 7 is a side view of a portion of an alternati 

30 with the present invention; 
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• f aDOrt io„ of an —ecatheterasse* in accordance 
FIG. 8 is a side view of a portion or 

with the present invention, in a deployed P 0Sltl0n ' a retracted pos ition; 

FIG. 10 is a side view of a portion 

with the present invention; in accordance 

FiG.llisasideviewofaportionofanalternati 

present invention; oc( , m hlv of FIG. 1 3 A along the line B-B; 

5 FIG. 13C is a cross-sectional view of the cathete 

*■ C - C ' , nal V iew of the catheter assembly of FIG. 13 A along the 

FIG. 13D is a cross-sectional view ot 

hneD-D; . ftfanaltema tive embodiment catheter assembly; 

FIG . 13 E of the catheter assembly of HG. 13A in 

20 FIG. 14A is a side view of a catheter 

uncoiled position; body port ion of the catheter 

FIG. HB is a side view of an altemati 

assembly of FIG. 13A; •«<? wire of the catheter assembly of FIG. 13 A in a 

FIG. ISA is a side view of a shaping wire 

25 straightened position; ^ re G f FIG. 15A in a helical position; 

FIG.lSBisasideviewoftheshapmgwi^ 

rjr-:"~ — 

with the present invention; of FIG. 13A within a heart; 

, n FIGS. 17A-17D illustrate use of the cathete 
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. end view „f the catheter assembly of FIG. 13A in an axiaUy 
FIG. 18A is an end view 01 

compressed position; fonned ^ , he catheter 

FIG. 18B is a simplified view 01 <u 

assembly of FIG. 13A; . _ tive ^eter assembly within a heart; 

FIG. 19 illustrates use of an alternative of a oulmonary vein and associated 

FIG 20A is a simplified, side-sectional view of a pulmonary 



5 

ostium; 



ostium; 



— : ;r:: zees - * - - ~ » . * 

pulmonary vein of FIG. 20A; ^ ^ yem md ^.ed 

FIG. 21A is a simplified, side secuou 

• rr n side view of an alternative shaping wire in an axiaUy 
FIG. 21B is a simplified, side view 

15 compressed position; shaping wire of FIG. 21B applied to the 

FIG. 21 C is a simplified, side view 

p „mof ^ ^ of m aUematWe embodim en, catheter 

20 

22; , • of the delivery catheter of FIG. 23 along the line 

FIG. 24A is a cross-sectional view of the delivery 

rA; , • v nf the delivery catheter of FIG. 23 along the line 

FIG. 24B is a cross-sectional view of the delivery 



24A-24A; 



25 24B ' 24B; , asideviewofaportionofthedeliverycatheterofFIG.23; 

FIG. 24C is an enlarged, side view o P ^ ^ ^ ^ ^ ^ 

FIG. 24D is a cross-sectional view of the delivery 



24D-24D; and 

30 



FIG^S is an end view of the catheter assembly of FIG. 22. 
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DescriptionQfJ^^ 

r^lZ^^20in accordance with the present 

One preferred embodiment of a cathete - emb J of a catheter 

circ U-1C The catheter assembly is coiuf 
invention is shown m FIGS 1A ^ ^ ^ catheter 

body 22 extends from the handle i% anu 

«, » U defined by a prox- P — J 

^ fire eathete, bod, ma, be * T*^ the W— • * - 

ap p fati ons. ^TiCl marefia, having ^ 

the distal portion 32 „ uttegtaUy ^ ^ rf known 

^ngth and flexibility fo, deployment wtthm a heart. Approp 

tofteartandineludepolyamide. 2g ^ proxima , 

The intermed,a.e port,on 30 extends ^ ^ 

, .rtion 2S and the intermediate portion 30 art ; pre** J-^ ^ ^ . 

-T ZZZZZ one po^ fshowrt in HO. 1A), the 
longitudmal ax.s LI. It should 8 interme diate portion 30 and the proxunal 

.ongitudina, axis LI extends Una* " 28 ^ the —re 

portion 28. Upon deployment, ■« may be that the proxtm P^ 
!0 portion^Ufo.ed^en.vedorewvi.n^o^^ ^ ^ 

- U U more speeifieaUy defined as a eenter - ^ « ^ % „ ^ 

„„», of intention between fire dUtal portton 32 and the 

shown in FIG. 1C. nnr tion 30 and forms a loop 34. 

--^"Tt:;r^rr:ap.ane — totfie 
25 ,n one preferted embodiment fine loop 34 -s err , ^ ^ ^ 

36. The lateral segment 36 extends m g fashi0 „, turning or 

portion 30. The loop 34 extends from fire .atera segmem 36 m ^ ^ ^ ^ 

solving abou, a eentra. loop axis C. (shown besun ^ ^ ^ ^ 
30 in FIG. IA as fortniug a single revolution about the eentral 
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plan e. Alternatively, a variety J ^ ^ assume a triangu,ar, 

FIG. ID, a square-shaped loop is deprcted. |A , C _ „ pam of the 

^guiar, ortagonal, o, other c.osed shape. Remm g ^ 

exact shape, rhe loop 34 is preferably — a. V c e rm ^ ^ ^ ^ 

th e distal end 42 is pteferably adjacen. the proxuna. y _ fc 

5 the proxhna! end 40, aUhough * — ^ ^ 40 . with «, 

« end 42 may he .ongitudi sueh that upon eon.0, 

io - - - - ~ — i ° a pos,,,on * ent 

with a tissue wall, the distal cu 

proximal end 40. defmes m enclosed area A 

, 0 Regardless of the exae, shape, Ore loop P ^ ^ 

,3 described in greater detail be.ow. In one preferred e ^ ^ ^ 

„ conrigured to Cectricauy isolate a ^^^ladiantelerinUterangeof 
preferred application, where, he loop 34, acne ^ ^ ^ ^ ^ or 

25 approximately 10-20 ntm, more preferably 15 nun, 

smaller, are acceptable. h b incorporating a 

The .oop 34 may be formed in a vanety « ^ ^ g ^ 

formed section of super elaade, » inl0 . heart ( „o, shown), the 

30 ~~ 
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tor e„derme,oop 34 straight. Up—ton ^ J ^ ^ ^ ^ shwn) 

sMably receiving the carter 2Z Pn o ^ 

ret rac,eu within me sheath, rendering the »op proaches tot P rov,d m g 

sheath, the distal portion 32 would form the loop 34. 

,he loop 34 are similarly acceptable. k „^ by a user and includes an electxtcal 

The handle 24 is preferably sized to b **** ^ fc ^ 26 

eonnector 44. The *— — £ ^ ^ ^ may otend — - 
, canted by the distal portton 32. To ttas , 

The electrodes 26 are preferably of aw o{> oHn addition to, separate 

of sepattte band dechodes spaced along tab* ■ ^ „ one or 

a m „re counter-erodes. AddiUonaHy the** ^ ^ s00Ke (not 

— ^^ILybaelec^yiso.a.ednontone 
shown), such as a saline source. * **» be electric ally connected to one another, 
mother, or some or al, of the electrode 2 n» ^> ^ ^ ^ ^ 

PK ferab, y , however, a. leas, one electrode 26^3 - ^ ^ 

20 shap ed and positioned such ^^J^, the length of each of the 

.herapeutically-effective leston pa«em » « The spacing between each of 
erodes 2b is about 4-12 nun, more about 2 nu, «y, to 

a. eieeuodea 26 is preferably about M - » rf ^ ^ 26 u dispos ed 

effectuate a continuous, dosed leston partern, prd ^ . $ ^ « to 

25 at the pro- end 40 of the loop 3 4 an d ° ^ ^ ^ ^ 38 he 

end 42. As Piously descrtbed, , * n ^ ^ . slight 

fotnK d such tha, the pro— end 4. - ^ fte electIode 26 at the 

proximal 40 and the electrode 26 at the 
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cvr lead into the right atnum RA. me ng» 
superior vena cava SVC lead four pulmonary 

PVO in Ihe left atrium LA wall. As prevous y ^ g{ ^ 

atrial fiblillaUon. Notably, the heart , ^ ffl 

„„, formed for eaeh individual puhnonary vern KJ. 

ostta m PVO may he formed for bvo p— ^-^j; vein PV the left 
vein ostium PVO may he formed for both * « - J ^ fte 

superior pulmonary vein PV, with .he .wo pulmonaty vems 

5 ° StiUmPVO t • F1 G2Aelec«rica 1 iso,a«ionofapulmonaryveinPVbe g msbydirec,r„ g 
A3 shown ,n FIG. 2A, electn ^ ^ ^ iot0 me nght 

the distal portion 32 of me catheter body 22 thtoug ^ ^ ^ 

LA . Alternately, the mtroducm, ^ J 32 int0 te righ , atrium RA 

20 righ , atrium RA is also sug g ested by passt* ^ ^ ^ ^ ^ 

through the superior vena cava SVC. ^ ^ parUculaI i y> to 

ostium PVO associated with me pulmonary vern ^ approxim a,ely aligned 

loop 34 is positioned such ma, me cenmal ^ C J^ ^ n „ ten danced 
^th a center of me pulmonary vern ostrrun P • ^ ^ 

25 aistany such ma, me ,oop 3, contacts J , « - ^ ^ ^ ^ „ „ 
ostium PVO in question, as shown in . ■ ^ loop 34 contacts 

advanced in a direction paraUe, wim me central .oop a*. ^ 
^leftamumLAwaH.sunoundingthepu.monatyv. ..mm ^ ^ 

• r\ U narallel to the longitudinal axis 
the central loop axis CI is paral in other words, the longitudinal axis LI 

30 longitudinally supports advancement of the loop • 
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• ^tmmPVO such that blood flow from the 
is effectively aligned with the pulmonary vem ostt ^ 
,„ ve ,„ PV acta atong ,= ^^^^^ 
section of the loop 34 othetv.se caused by b.«d ^ ^ ^ % ^ 

XHe electtodes 26 (shown best m FK* _ ^ ^ fe ^ preferred 

level to ablate the contacted ttssue, for examp a( a 

emb odhnen, me electtodes « — <- - "^.Tm a -* • — * 
.emperature in the range of approximate, y 60 - g ^ _ ^ ^ ^ 2C . 

cl „sed lesion panern is formed around me pu,mo»y ^ ^ ^ „ 

Possuant to the above described «m ^Z^Z^ «• while the 

— in a p.« — - » ^ „ p „ vein osttum PVO, 

toion pattern is shovm as betng only sl.gh.ly g ^ ^ To ^ 

th e loop 34 (FIG. 1 A) may be sized ,0 produ« an ov» M ^ ^ ^ ^ 

elA where a single P«J~ ^ e , 0 „ 8ated . As shown in HO. 20, men, the 
resulting pulmonary vem osttum PVO may about ^ 

, ,o„ P 34 (FIG. 1A) is configured to form a eonttnuous, 

etongated-shaped pulmonary vein osttum PVO ^ ^ pv 

fto m the left atnum LA. Any undestt ^ ^ ^ a(num LA. 

-^^-^^Jl^ 3A and 3B. The catheter 
alternative catheter assemb., ■» - ^ ^ ^ 64. The 

assembly 60 includes a catheter bo y A — ^ ^ 66 md . 

^^^^^^-randL^^onofftte^r 
disBl portion 68. For ease of — n, ^ ^ ^ 

boo, 22 are not shown u> FIGS. jA and 3 ^ ^ ^ ^ M ^ 

25 similar to the handle 24 and fine ptoxtma L .2 ^ ^ 

embody 22,<hein—e ^^^J.— 
a (ongitttdma, axis L2. The distal portton 6S e nd ^ ^ . 

forms a loop or col, 20 —1, ^ „ exb of fc , 

30 L-.- — moneprefetredembodimenttme 
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• v a with the longitudinal axis L2 defined by the intermediate 
central loop axis C2 is aligned with the long ^ ^ ^ 

portion 66. Alternatively, fee central ^«<^ substantially parall el with the 
L2. Regardless, the eentral loop axts C2 ts prele y 

longitudinal axis L2. a different diamet er. For 

Each of the loop 

example, the first loop segment 72A defines ^ 

than that of the third loop segment 72C. g ^ & 

72C . depleted as heing 

spider coil),fee loop segments ^^^^^r^VCa^ 
me loop 70 forms a ^^^^ a descending or decreasing diameter, an 

dist al the intermediate portion 66 so , o d ^ ^ ^ a ^ „ 

opposite configuration may also be employe 

Retummg .0 FIGS. A and ^3 ^ ^ ^ loop 

(F10 . ,A) previous., desenbed, aM p«fer V ^ ^ <kmja 

64A-64C, respectively. In one preterr 64 tQ varymg 

'° uooKv including a thermocouple. 

* — " " C lown, for example, - ™ S ' ^ 

described for the ea.he.er assembly 20 (. sho ^ ^ ^ LA 

ex ample, *. *tf porrion 68 of ft. camefcr «- to ^ r ^ 

25 (FI 0. 2A) such ft* *e loop 70 is disposed aboo. P— ^ ^ ^ 

L — .bar one or more of .be '- ^^ ^ PVO ta qu esrio, 
^ th a« is .ess .ban a diameter (or area) o me P« ^ 
For example, in the ^^^^JL to cmJ vrith Ae left annum LA wail, 

30 ~^J^ZL«l*-->~~™ c — he 
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.79R.FIG 3A) and the electrodes 
„ 64B associated with the second loop segment 72 ^ ^ ^ 

electrodes 64B associ* m contact wun . 

64A .social with .he ft* *» segment H03 rf fc el£Cttodes M c 

Lh To avoid po.en.ial co„a.era, *-*«^ ^ ^ are selective,, 
not in »- wid, «. « — * level U no, sufficien, to ahtate conracKd 

s energized wfth a >ow energy sop* The e„«gy ^ or oth e, 

S e„ sing device associared wi.h each o ft*** ^ ^ 64A, 64B « 

a temperature rise, an indication ts g«n that d. J fc ^ ^ — 

64C , in conrac, with fissue of the .eft -» ^ ^ ^ fc , eft attium LA (for 

mother afternative embodmren. o - ^ ^ a ^ dev , C e 86. 

ca , W er assembly SO incindes a cadreter ho* 8^ ^ ^ ^ md 

assembly 80 m y 

catheter assembly 20 (FIG. A-) p , nion („„, shown), an 

Ca.he.er body 82 is defined by a pro* » P ^ ^ prox , ra a, 

f- . — — » — * ""a dia^i segments .naprefe^ 
20 portion - " *— * ••"-T 1 ZlmoreflexiUethanfineproxtmaisegmenr^. 
Lhodimenr, the diaal segmen, 94 ts pref «b.ym ^ ^ „ fc a, 

W^misconfignmfion.me^segmen^ctmm ^ ^ „ dumg 

legmen. ,2, .hereby fa— ^ ^ hoM > may be pmvided » ef^ 

» ^"r":^- - - - ^ 90 rela,,ve 

for facilitating a more rao.c 

Itttermediare portion 88. „„„ 88 defines a longimd- 

As wUh previous emhodtments, .he .»« ^ fc proxim a, 

30 por,ion(no.show,),.belongimdmal»sL3,l.n 
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the distal portion 90. ^ ^ portion 

Similar to the catheter assembly 20 (FIG. 1 A) previo y 

u. , mon 98 The loop 98 may include one or more loop segments (one u 
90 preferably forms a loop 98. ine loop yo y 

1 - FIG. 4* - - .oop seg^t — ' — ^ 

loop 98 is formed a— >, — e . the long^— * - ^ ^ 
Mis C3 preferably aligned with the longitudtna. » U. A — ^ ^ 

C3 may be slightly offset from the longttudmal axts L3. Regardless, tft 

* ~ PKfemd rT tel ptl^O. Alternatively, the locating device 86 

— " ^ "I rrCl" I 00 extends dtsfc. me dista. pottion ,0, and is 
may be a separate body. Regardless, m p has g 

alig ned wit, the centra, loop axis C3 defined by d- tap* ™ " 

« atrium LA as previously descnbed. ^ , ip 1M „ inserteQ 

:ICoI ^ —on — ^ — 

30 electrodes ,02 is provided. During this mapping procedure, a determtnatton 
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t „ whether the particular pulmonary vein PV is generating rtndesired electrical impulses. 
^TTJtl— L - tissue in the ^mousey vein PV is spo_,y 

rhe pulmonary vein osriumPVO as previously descrtbed. 

Yet another alternative embodiment of a catheter assembly 110 m accordan 
Yetanotne . „ r , ^ ^.e, assembly 110 is highly stmtlar to the 

.epresent^o— « ^ ^ m md . 

cathe ,er assemb, 0 - ^ ^ ^ ^ a „ 

du "2 fit a longLnal axis L4 and a dtstal portion 120. The disra, 
intermedtate portton 88 detmmg g , 122 substantially 

„ portion ,20 extends from the mtermedtate porUon 111 -dta- 
averse ,o rhe .ongitudinal axis L4. .n thts regard, h loop 12 rev 
loop axis C, .» one preferred embodiment the eenrral ,o -» « - 

parallel with, the longitudmal axis L4. The electrodes ( 

,0 UP 124 forms a descending diameter eoi>, generally aligned with me centra, loop axts C4 
20 the up 124 tonus fedlitates a more poslUve 

By providing a eoil eonftgurauon for me up 124, P 

centering of the loop 122 about a pulmonary vem ostium PVO (FIG. 4B). P 
tr«„, the tin 124 defines a maximum diameter approximating a dtameter of a 

embodiment, the tip oeimc effectively lodges 

penary vein. When maeried within a pulmonary vem , en, ^ tip 2«J J 

device 1 16 additionally serves as a mapping device tor 
30 ablation loop abou, dte pulmonary vem osuum. For example, y 
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eml ,„ a ir„en. of a catheter assembly ,30 is depicted in P.O. 6. The cathe.er 
5 142. The distal porno The looD 144 revolves about a central 

— — ■ fc wioon n6 AUemat , ve , y , ta 

^ 7 3 Lv t XL body, ^ the hp ,46 may be positioned between the 
w t- 146 The tip 146 axially inserted into the pulmonary vein PV. The mapping 

ir . - . — — 

20 spontaneous* genemflng unexpected elecmca, .mp se, Up 

p „ vehr PV re^res *— ' The 

te loop .44 contacts .he .eft atnum LA (FIG. ^ ^ 

Moon .36 is inflated such that ft engages the puhnonarv vem » 
ba „„„n ,36 positive* eentets the ,o„p ,44 ahou, the puhnona. — ^ (F 
25 vet anothet a,— embodiment or a cad- — - ^ 

The catheter assembly ,60 includes a catheter body 162, electrodes 16 
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revolves around a central loop axis C6 that, in one preferred embodiment, is aligned with the 
longitudinal axis L6. 

The wire basket 166 is maintained by the distal portion 172 distal the loop 174. The 
wire basket 166 may be radially extended and retracted via a pull wire or similar activation 
5 device extending through a lumen (not shown) formed within the catheter body 162. 

Finally, the locating device 168 includes a tip 176 positioned distal the loop 174. In 
one preferred embodiment, the locating device 168 is integrally formed with the catheter 
body 162 and includes mapping electrodes 178. Alternatively, the locating device 168 may 
be a separate body, and the tip 176 may be disposed between the wire basket 166 and the 

10 loop 174. . 

During use, the catheter assembly 160 functions in a fashion highly similar to the 
catheter assembly 130 (FIG. 6) previously described. The locating device 168, and in 
particular the tip 176, is used to locate and map a pulmonary vein PV (FIG. 4B). The loop 
174 is maneuvered into contact with the left atrium LA (FIG. 4B) wall. The wire basket 166 
is then radially deployed so as to engage the pulmonary vein PV wall. In this deployed 
position, the wire basket 166 serves to positively center the loop 174 about the pulmonary 
vein ostium PVO (FIG. 4B). 

Yet another alternative embodiment of a catheter assembly 190 is shown in FIG. 8. 
The catheter assembly 190 includes a catheter body 192 (shown partially in FIG. 8), 
electrodes 194, a locating device 196 and a guide catheter or sheath 198. As described in 
greater detail below, the sheath 198 coaxially maintains the catheter body 192 and the 
locating device 196 such that each of the catheter body 192 and the locating device 196 are 
slidable between a retracted position and a deployed position (shown in FIG. 8). 

The catheter body 192 is virtually identical to the catheter body 62 (FIG. 3A) 
previously described and includes a proximal portion (not shown), an intermediate portion 
200 defining a longitudinal axis L7 and a distal portion 202. The distal portion 202 extends 
from the intermediate portion 200 and forms a coil or plurality of loops 204 substantially 
transverse to the longitudinal axis L7. Alternatively, the coil 204 may form a single loop. 
The coil 204 revolves around a central loop axis C7, that, in one preferred embodiment, is 
aligned with the longitudinal axis L7. The distal portion 202, and in particular the coil 204, 
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coil 204 as shown in FIG. 8. „ r( .fi. r ablv 

The e.ec.rodes .94 are identical ,o .hose previous., descnberi and prefe<aUy 

. i- j , he coil 204. Alternatively, a continuous coil 
comprise band electrodes disposed along the con 

plectrode or counter-electtode may be provided. 

electrode ore „, is retatively rigid and includes a shaft 206 defunng a Up 208 

The locatmg dev.ee 196 ,s rel tivel, ^ng 
tat preferably maintains mapping electrodes 210. The shaft 206 
„ JvedvriddnalumenCnotshown.tn.esheadt,, ^^^X 

i < 198 the tip 208 assumes the coiled shape shown m FIG. 8. For examp 

13 198, tne up ^ formed from a shape 

Tbe hea, may be achieved through resistive heating of the wtre directly, by 



' at jz-* »- «- - • — - cathett ::::: „: : 

• , • iQfi Alternatively a separate lumen may be provided for each of the 
locatmg device 196. Alternately P fa configured t0 

catheter body 192 and the locating device 196. Regardless, tn 

• u f ratheter bodv 192 and the locating device 196 in a relatively 

- - • - - - :■ *ss - - - 
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sheath 198. The sheath m to sheath 198 . More parttcutarly, 

Wy ,92 and the .ocatmg devtce ,96. deploy ^ ^ ^ 

the distil, portion 202 of thecal body ,92 and then 208 a locking device 

j. , . „, „c .u. sheath 198 (as shown in FIG. 8). Aiocaingu 
extended from the dtstal end 212 of the sheath d 

(„„, shown) is preferably provided ,0 secure .he carh re - ~**» 

^^^ITTJXZTL mappms erodes 2,0 
axiaHy into a pulmonary vern PV as e delermines 

sa^eelecrrica, activity of the pulmonary veto tissue. (n , 

• dv unites electrical isolation, the sheath 198 is guinea 
** die puhnonary vein V »,«-** ^ ^ ^ LA ^ 

dire ction a,ong the centra, loop ax, C - >h e ^ ^ ^ m 

4B) wall about the pulmonary vern ostium PVO (FIO ) 

and the ,ocatin g devtce ,96 are drreCy connected by rbe m 

25 (no, shown) s«ed to shdab,, ^ ~ ~ £ £ ^ the 

10Ca,tag r " ,92 mini : catiteter conf,ura,io„ common* .own in 

rr -,er My ,« — . ^ — ** 

characreristicforculchmountingtoremovMfromtirCoeatingdevtee^O. 
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Ye, another — e — of a ca.he.er assembly 220 ,s shown . F.G S. 9A 
mi 9B The ca.he.er assembly 220 includes a catheter body 222 (show, par,* in HGS. 

t Id rieldes 224, S «y.«s 226 and a locating device 22, The erodes 224 are 
9A and 9B), electroaes , maintained 
disposed along a portion of the oathae, body 222. The tylea 
; within ,he catheter body 222. Finally, the locating dev,ce 228 ,s slidably ma 

Ca "!L body 222 ,s smtilar .o *ose previously descnbed and includes a 

v t ~r*; nn 010 defining a longitudinal axis L8, 

ffi d a d**. portion 232. Th *-£ ^ ^ ^ ^ ^ ^ in one 

0 die longitudinal axts L8. The loop 234 re 

preferred embodimen,, is aligned with the longitudinal ax.s L8. The dista. P 

232 forms the loop 234 in a deployed position (FIG. 9A). For examp 
i, ooo ™v be formed of a super elastic, shape memory Nitinol alloy. 

15 222 may be tormeo f siidablv received within 

Each of ,he style* 226 are relative!, rtgtd shafts s,zed ,0 be Add* 

, i 000 Tn this end as shown in FIG. 9 A, in a 
lum ens (no, shown) formed by me ca,he,er body 222. To tins end 

, , -.;„„ ,h* «vlets 226 are proximal the distal portion 232 such tnat 
deployed position, me stylets 226 P ?B) 

™rtion 232 is allowed to form the loop 234. Conversely, in 
20 226 extend into me distal portion 232, thereby rendering the dista, portion 232 

S " y eZl 224 are identical to those previa described and prefer* 
com p ri ILd elecuodes dispose, along me loop 234. Alternatively, a continuous 
strode o, counter e.ectrode may be provided. 
25 The locating device 228 includes a shaft 236 havmg tip 

„ x * ,he tin 238 is preferably coil shaped, and includes mappmg electrodes 240. 
T! h 3S plmbly sufficiently flexible such <ha, in the retraced position 

(F1G - 9B) '* e UP , " Q , A1 ^ tip 238 assumes me coiled shape. Alternative*, the tip 
the deployed position (FIG. 9A), tne up zjo 
30 238 may be substantially straight in the deployed position. 
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„ „0 is used in a manner highly similar .0 mar previously 
THe carherer assemhly 2 0 - ^ ^ ^ ^ ^ 

^ M,hettr ^ I Jsrraigh- ,he distal porrion 232. Further, 

the locating device 228 is retracted wi Tn this retracted position, the 

fc disra, portion 232 and is rendered , — ^ LA ^ 4B) . 
earheter assemh.y 222 can more eas ,y he dueete^ ^ 

t0 the deployed posrtron (FIG. 9A), T ^ ^ is maMUVered 

« porrion 232 forms rhe .oop 34.^ , & ^ ^ ^ ^ ,„ 

re.a,We to ,he catheter hody 222 «h** P ^ ^ ^ 

the deployed posirion, me ,oca,m g dev.ee 228 ^ ^ ^ 

teK and extend Wo a pulmonary vem PV^ The PP 1 ^ ^ 

n?ir am Where the mapping proceuui 
pulmonary vein tissue (HU. w;. ^eter assembly 220 is advanced such 

ulmonary vein PV retires electrtcal rsolahon, — -™ _ 

^TJlnrm. lop axis CS.Onee 
fc catheter assemhly 220 is advanced m me **» o ^ ^ ^ 

dire «ion (relative ,0 .he putatonary vem ostium PV ) ^ ^ 

dire cUon reared hy previous ahlation catheter ^ ^ ffl „ 

«-*•*-? e tpt: *»— 

25 .he presen, invention ts shown tn F a . ^ ^ ^ ^ ^ . ^ 

b ody 252 (shown parttally m HO. 0, ** ^ ^ ^ ^ 

catheter or sheath 258. As descnhed o greater a ^ ^ 

— •.--^--srir— . — — - * 

body 252 and the locating device 256 are sbdaD 
30 deployed position (shown in FIG. 10). 
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„ . hndv 252 is virtually identical to the catheter body 62 (FIG. 3A) 
The catheter body 252 is virtu y inten nediate portion 

. previously described and includes a proximal ortK.n (not sho^ ,) 

260defl ^^ 

from the intermediate portion 260 and forms a coil or p ^ 

longitudinal axis L9. me Qisxa v rnnfiaura tion when retracted within 

so as .0 a*ume a relarive.y s,ra«h. co^ ^ 

te shea* 258. Pusher, «he distal portion 262 rnc.udea a shape « 



in FIG. 10. 



l °" , , , tn those previously described and preferably 

- erodes 254 a, - - * ~£ ^ . ^ coil 
comprise band electrodes drsposed along the cotl 

e.-odeorcoonter-e^ „ ^ . mooa 26 , * shaft 266 
The .ocaftng devtce 256 nci des a ^ ^ ^ 

— " 7 27? ^ h* n 26S is sea,ed to *» dista. portion 2 7 0 of the shaft 266 
mapping erodes 276. * * ^ „ configuted t0 bc 

about me expanston jo.n. 274. In reg ^ ^ 

20 ^pmated between a contract^ I^o as toluapse the haHoon 26S. 
expanded position, the expansion >om 274 ex. nd ^ 

XHe shea* 258 inCudes a proxrma, - o^ ^ ^ ^ 

at leaS , one centra! lumen (not shown) stzed * — ^ ^ ^ ^ 

25 .ocaong devica 256. ^ » ,. o-*-» 

ca.he.er bod y 252 and .he ^ ~ ^ ^ ^ , M 

material such as 35D or 40DPebex. 
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As described above, each of .he catheter body 252 and ,he ****** « 
idable reMve .o the sheath 258. In a deployed position (depicted ,„ HO. .0) the «a 

^:;r: f ,he — » — - ::;;:^rr: 

- ^ T: T^ZTl^Z^ »e bauoon 2,, 

, , h 258 The sheath 258 is then guided to the left atrium LA (FIG. 4B). 
sheath 258. The sheath ftom „,„ sheath 25 8. More partrcularly, 

bod y 252 and the ^ ^ - - - i— ™ " * ^ 

t „e distal poruon 26 ' " ^ ^ 258 (as shown in FIG. 10). A 

— po,ion. as p T ,y - 2. 

including the balloon 268, is positions aescribed The mapping 

,^;r. PV (FIG 4B) as previously descnoeu. ri- 
directed axially into a pulmonary vein PV (FIG. 4b) P 

ptocedure determines that the pulmonary em re, ^ ^ 

, , gui ded in a direction a,on g the central loop » ^ »tt ^ 

— L.-*- ^ b 7~— J Hd *e bauoon 268 engages the 

!5 the pulmonary von ostrum PVO. The electr ^ rf 

~-^r ta "^ :« : men energised to ablate a 

the left atrium LA. Some or all of the electro 

continuous, closed lesion pattern about the pulmonary vein ostium PVO, th 

isolating the pulmonary vein PV from the left atrium LA. 
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The carherer assemb.y 290 is high.y staUar ,o Ore c*he,er assem % 250 Jft J 
1 he camera pipctrodes 294, a beating device 296 

nreviouslv described, and includes a catheter body 292, electrodes £» t * 
previously The sheath 298 coaxially maintains the catheter body 292 

The catheter body 292 includes a proximal portion (not shown;, 
single loop. The coil The distal portion 302, and in 

comprise band electrodes disposed along the coil 

3,4. Ue tip 3,2 preferably — — »* -» ™ ^™ 
^ ,0 *= « porrion 3,0 abou, «he «p— J- 3* " ' J ^ 
mansion ioin, 3,4 can be manned be W eea an ^ - ^ 
23 b a3ke.30 8 isre,ative,ynatandaco n «rac,edposi«on(FlG. ll),nwh,ch,h 



30 --r^risrrc iir-:-.. 
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Regards, .he sheath 298 is configured to slidably maintain each of the catheter body 292 
and the locating device 296 in a relatively close relationship. 

As described above, each of tine catheter body 292 and tire locating devtce 296 are 
sUdable relative to tite ahead. 298. In a deployed position (depicted in FIG. II) ft. d.sud 
portion 302 of the catheter body 292 and the distal portion 310 of the locating dev,ce 296 
Lend distally from tine sheath 298. More particularly, the catheter body 292 is postponed 

such una, the coil 304 is distal the distal end 318. Further, tite distal portion 310 of .he 

locating device 296 is distal the coil 304. 

During use, tine catheter assembly 290 functions in a manner h,ghly smular .o tin 

catineter assembly 250 (FIG. .0) previously described. However, .he wire basket 308 ,s used 

* positively center .he coil 304 about a pulmonary vein ostium PVO instead of the balloon 

268 (FIG. 10) previously described. 

Ye, another alternative embodiment of the catheter assembly 330 ts shown m FIGS. 
12A and 12B. The catheter assembly 330 includes a catheter body 332 (shown partially .n 
FIGS. 12A and I2B), a wire basket 334, a locating device 336 and a stylet or guide wire 338. 
The wire basket 334 is soured «o tine catheter body 332. The locating dev.ce 3,6 , 
preferably integrally formed with tite cutheter body 332 and includes a balloon 34 . Ftnally, 
to guide wire 338 is slidab.y disposed within a central lumen (not shown) in fine catheter 

body 332 and the locating device 336. 

The catheter body 332 includes a proximal portion (not shown), an tn.ermed.ate 342 
defining a longuudina, axis Lll and a distal portion 344. The distal portion 344 maintains a 
proximal collar 346 and a distal collar 348. In a preferred embodiment, tine proxtmal collar 

346 is slidable relative to the distal collar 348. 

The wire basket 334 is secured ,0 tine distal portion 344 by tite proximal collar 346 

5 and tine distal collar 348. Further, tine wire basket 334 includes a plurality of individual wtre 
stmis 350 each maintaining an electrode 352. .„ a preferred embodiment, the wtre stints 350 
are preferably tabular and are fluldly connected to a cooling source. The electrodes 352 are 
preferably disposed along the wire stints 350, respectively, slightly dtsta, of a central 
position. With this configuration, the wire basket 334 can be maneuvered between a 

30 Lacted position (FIG. 12A) and an expanded position (FIG. I2B, with movement of the 
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proximal collar 346 relative .0 Ore distal collar 348. Notably, in the expanded postuon of 
FiO 1 JB, fte wire basket 334 positions the e.ecrrodes 352 so as to form a loop transverse ,o 
me longitudinal axis Lll. More particularly, me loop formed in the expanded position 
revolves around a central loop axis Cll. mat, in one preferred embodiment, is aligned wth 

5 the longitudinal axis LI 1 . 

The electrodes 352 are identical to those previously descnbed and preferably 

comprise band electrodes disposed along the wire basket 334. 

The locating device 336 extends distal me distal collar 348, and maintatns the balloon 
340 and mapping electrodes 354. The balloon 340 is fluidly connected to an inflation source 
10 (no, shown) by a ,um=n (no. shown) formed within .he catheter body 332. As s own .n 
FIGS 12A artd 12B, me balloon 340 is preferably positioned dis«al me wrre baske, 334. 
Further, the mapping electrode 354 is positioned distal the balloon 340. 

Prior to use, the catheter assembly 330 is positioned in the retraced positton shown tn 
FIG 12A. The guide wire 338 is guided to the left atrium LA (F.G. 4B) and into a 
,5 pulmonary vein PV (FIG. 4B). The catheter body 332, including the locating device 336 are 
olded 1 me guide wire 338 to a poin, adjacent the pulmonary vein. The cameter body 
332 is then advanced such mat me locating device 336 enters me pulmonary vem PV. The 
mapping electrodes 354 sample electrical activity of me pulmonary vein tissue. If he 
mappftrg procedure determines tha, the pulmonary vem PV retires elecnrca, — £ 
20 catheter assembly 330 is maneuvered to the expanded posrtton shown tn FIG. 12B whereby 
th e wire baake, 334 expands radially. The catheter body 332 is men advanced axtally tow. 
me pulmonary vein such mat the wire taske, 334 contacts the left atrtum LA about ft* 
pulmonary vein ostium PVO (FIG. 4B, The balloon 340 is then inflated so as to engage he 
pubnonary vein PV. Once inflated, the balloon 340 effectively centers the wtre baake 334, 
25 and thus the e,ec«rodes 352, about the pulmonary vein ostium PVO. The electrodes 352 are 
then energized to ablate a continuous, dosed ,esion pattern about the pulmonary vem ostium 
PVO thereby e.ectricafly isolating the pulmonary vein PV from the left atnum LA. If 
necessary, the individual wire struts 350 are cooled, such as by forcing a cooling horn 
mrough the wire shuts 350. The balloon 340 is deflated and the wire baske. 334 maneuvered 
30 to tit contracted position (FIG. 12A). The entire catheter assembly 330 may then be 
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removed from .he patient Alternatively, the catheter body 332 may be re.rae.ed from the 

patient along fire guide wire 338 and replaced with a separate cafire.er device (no. shown). 

To .his end, me ca.he.er body 332 may be configured «o provide a rapid exchange fea.ure, as 

would be apparent to one of ordinary skill. 

Yet another alternative embodiment of a catheter assembly 400 is shown in FIGS. 
UA-13E With reference to FIG. 13A, the catheter assembly 400 includes a catheter body 

402 a fluid source 404, a shaping wire 406 (hidden in FIG. 13A), a guide wire 408 and firs, 
and second sensing electrode pairs 4,0a and 4,0b. The fluid source 404 is fluidly connected 
,„ a lumen formed by Ore catheter body 402. The shaping wfre 406 and me guide wrre 408 
are coaxially and s,idab,y maintain* by fire cadre*, body 402 such that each of the shapmg 
wire 406 m d the guide wire 408 are sHdab.e between a redacted position and a dep toyed 
position (shown in FIG. 13A). Finally, the sensing electrodes 410a, 4I0b are secured to a 

portion of the catheter body 402. 

The fluid source 404 is shown schematically in FIG. 13A, and can assume a wtde 
variety of forms. The fluid source 404 maintains an appropriate volume of a conductive 
, iqui d or ionic fluid, such as a hypertonic saline solution, and includes a pump (no. shown). 
The pump is controllable .o provide a desired flow rate of.be liquid .0 the catheter body 402 
The catheter body 402 includes a proximal portion 416, an intermediate portton 418, 
and a dis«a, portion 420. Construction of fire catheter body 402 is described in greater detatl 
, below In general terms, and as shown in FIG. I3A, the distal portion 420 extends from the 
intermediate portion 418 and forms, or is formed te, a coil or helix (e.g corneal or 
cylindrical). Furiher, fire distal portion 420 defines an ablation section 422. The ablatton 
section 422 forms, or is formed to, a loop of a, leas, one revolution. As with prevtous 
embodiments, (he loop formed a, or by fire ablation section 422 revolves around a central 
5 loop axis C12, .ha. is substantially parallel with, preferably aligned with, a longi.ud.nal axts 
L12 defined by the intermediate portion 418. Alternatively stated, .he loop formed a, or by 
the ablation section 422 extends transversely relative to fite longitudinal axts L12 

With additional reference to FIG. 13B, fire catheter body 402 preferably defines a first 
iumen 428 and a second lumen 430. The firs, lumen 428 extends from fire proximal portton 
,0 416 through fine distal portion 420, including fire ablation section 422, and is preferably 
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• , a a-xo nf the catheter body 402. As described in greater 
d e,ai, be.ow, the fir, himen 42, - »d» ^ ^ ^ ^ ^ 

h HO. .33, an, prefemb,, 1- • £££ 406, such as a col, decode. Wi«h this 
- " ^ £2!— about the shapes * 406 . 

10 ilrig a.ion*rough«heab 1 a.,onsec ti o„422asdesc ri b e dbe.ow. 

The second lumen 430 extends from the proximal portion 416 the 

• „ 4« located proximal the ablation section 422. 
420, preferably terminating at an opentng 434 located pro 

•ii . * a i— FT G 13C The second lumen 4j0 is sizea u> / 
This relationship is .Unshared m FIG. DC ly configuIed 

15 -hmatmmedep.oyedpostttonomo. .3^ * ^ ^ ^ ^ ^ 

434 in a substantially concentric fashion relative 

POTUOn "catheter body 402 is described in greater detat, with — • 

„, illustration on>y a portion of the catheter body 402 . provtded in FIG. I4A, 
ease of illustration, only P dislal 00 rtion 420. Farther, the distal portion 

2 „ inclnding the Intetntediatc portion «. - » * helica, configuration of 

«„ is sho™ in a st.aigh.ncd . one tied ^ ^ 
ptr HA As previously described, the catheter body 4UZ tnciu 

FIG. 13A. AS prevto embodim ent, me ablation seefon 422 

fonned along me distid portion 420. In one ptefert ^ 
„ formed of a material different fiom a remainder of me earn er y 

25 diaal ^on 420. More partly m : ri nr:^r:'eame,etbody 
flexible, mieropotous, snrgieallysafe material, -he, ^ 
402, and in particular the dis«l python 420, is form* "^^ J^ 
materia,, .n one preferred embodiment, the ablation section 422 Us - ^ 
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p „ ly ure,hane or PEBAX™ materia, (polyurethane and ny,o„>. A — o the cathe r 

1 402 is forme, from a fluid impermeable, polymene eiectnca y no. 
Hive materia, but can be more ri 8 id than me dista, portion 420. Alternatively, otber 
known materials useful in eatheter applications are equally aeceptable. 

I of a porous materia, for the ablation section 422 establishes a pin.,,, of po«s 
440 extending L an interior surface 442 to an exterior surface 444. As shown m 

2 CI 440 are in fluid eommunteation with me ftrs, lumen 428. ., abould be noted 
13D, the pores hhu <u purposes of 
m a size of tbe pores 440 has been greatly exaggerate. Un HO . HD 

v ,rtw the cores 440 need not be continuous from the exterior suri 
' T T'U2 lad a plurality of intereonnectea interstitial spaces can be 
ft. intertor surface 442. Instead, a communication between the 

* "« ab ' ati ° n ~~" 4H " 1^ a point of reference, a porosity of me 
interior surface 442 and the exterior surface 444. As a pom 

IZn section 422 is preferab.y in tbe range of approximarely 5-25 microns. Regard.ess of 
rit e lotion, the ablation section 422 formed with micropore materta, ungates 

h of the exterior surface 444, or at least along an entire length of the 

> —* — *- - k " 8,h " t "tyeTTy 
, 422, in direct eon^ to ^^1^ - 

way of example, use of a high density, expanded PTFE matenal to 

plrabiy isotonic, alternatively bypertonie, saline solution aiong me extertor surface 44 

M ^ ^rablirion 422 has been preferably described as bemg fon^f . 
-Jl polymer, other Condons a, equally acceptable. For — * « 
F1 G MB, an aUemative ablation section 450 is initially fotnted as . non-poro* ^» 

• f .mall nassattes 452 are created in the sleeve, such as with a 
During manufacture, a senes of small passages fnr an interior to an 

3„ laser, to facilitate genetal.y uniform irrigation of a conducive hqntd for an 
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verier of the sieeve. Once again, the passages 452 a, minute, prefer* having adranteter 
rls= of 5-iOO micron, A wide variery of n^ais a. useful for the 

p oly me«hane,fluoropolymers,e,c. mbo4iment the dista i portion 420, 

; Regardless of exact construction, in a preferred emoo 

tacta di„g he abfation section 422, is preferably compiian,, and can readdy be tnampula ed 

r« sbape. To this end, the shaping wire 406 is prefer* empioyed to selective* 
a aesirea Miapt. ^nr; i^a Thus in one 

dire c the distal portion 420 to the helical or coded configtnauon of F.G . A^ Thu, 

^ationship ,s depicted Btt ^ ^ ^ ^ m ^ 

addiriona, .rnnen, such as » ^ „„_ ^ fot lumen 428 „ 

extending to the proximal portion 4,8). With 6 „ is available t0 

,5 available to direct fluid to the ablation section 422, while the thud turn 

*, sbaoint, wire 406 and/or an electrode for applying an ablation energy. Even 

distal nortion 420 without requiring the separate shaping wire 406. 

^turning ,0 FIG. MA. regardless of the exact construction, the ablation section 422 

„ ,„ nrovide a relatively large ablation area when fotmed as a loop (as 
is nreferably sized so as to provide a relatively uu & 

J • in FIG 13 A) In one preferred embodiment, the ablation section 422 has 
otherwise depicted in FIG. 13A). mop _ } more 

c .™ P htened length in the range of approximately 2 - 8 inches pi ; 
a straightened length s AUematively , ot her dimensions are equally 

preferably approximately 5 inches (127 mm). Alternate y, 

25 acceptable. mrc ISA and 15B The shaping 

The shaping wire 406 is shown in greater detail in FIGS. 15A and 15B. P 

• , P . m ent (not shown), an intermediate segment 464 and a distal 
wire 406 includes a proximal segment (not shown;, 



20 

is 



33 



PATENT 
P-8417.02US 



10 



• FT r ISA whereas FIG. 15B depicts a helical (or coiled) 
straightened or uncoiled state in FIG. ISA, wh 

on e prefen-ed — *» 4 t 0 llal,y ava^e as MM material), 

sup er o, pseudo-elastic niclte. «— X— ^ ^ . „ „, „ 
havi „g a diameter in the range of approxrm <e *r M ^ ^ heUca , 

to or other resilient materia! as *amless ^° , » P ^ ^ 

As . K su,t, Ore W segment ^ of FIG. .5A, but win re* 

distal segment 466 can he forced o the . . ^ fc ^ ^ 

— » * "S^i- — - — — ' ^ 

Nitinol or other matenal has a pnase 

temperature). a portion of the distal segment 466 to form a coil 

j The metal wire 470 ts wound about pott ^ ^ ^ 

electtode 474 and is secured ,0 the shaptng wrre « . «* - ^ ^ & ^ 

meBl wire 470 extends » me pro— -^T*J ot raa ,o „ (RF) 
connected ,o a power source (no, shown) fo e ampte ^ ^ 

20 e„ ro spondswi«ha.oca«ionandle„gmof,heah,^ rf ^ ^ 

cathe ,er hod, 40, (HO. HA, £ - £j to the ablarion secrion 

30.ee, dte coil electrode 474 serves to pm * ^ ^ ^ 

422 , and in parucrda,, dre condnctwe flnrd (nouta ^ ^ ^ „„, 

straightened state of FIG. 15A, the c 2.5 - 8.5 mehes (63 - 

„ srsssss — 
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platinum, copper, copped ^^^^ . single metal wire 470, 
While the shaping wire 406 has been descnbed as carrying g 

• , i strode 474 multiple wires/coil electrodes can be provided, for 
and thus a single coil electrode 474, muitp Qf 

.ample, in a more preferred embodiment, depicted in ^ ^ , 

. -ahtened state for ease of illustration) as previously descnbed. The 
a straightened state ior ca . i _ 7 mm For ease of 

^er so.ce and/or con.ro. box (no, shown). The con decodes 74 47 

I, when .he shaping wire 406 assun.es <he helical shape (e, ™^ m 

erodes 474a-474 f have a length ,ess a full — n define^ ^ ^ 8 

are sized such that a combined length is slightly gr 

A09 fTTG 13AY) With this configuration, a user can selective y 
fce ablahon section 422 ^ shapc) by „ energizing 

qM dran«s or po rt ,o»s of c rnp, « cu* ^ ^ ^ only 

,ess tinar, aU of the cod electrodes 474a-474f. Fo P ^ 
muK ,e rissne (defined by electrogram analyse). By P 
„ cod electrodes 474a-474f, .his desired procedure . avadable. Once agam, 

guide wire 408 is of a „pe known in tine a* and is 

• /ins ic <!p1ectivelv moveable from a retractea poMu« 
relationship, tine gu.de wrre 408 . selecuvely ^ ^ 

te distal section 482 is proximal tire d,slal port.cn 420 and a deploy P 
section 482 can be formed to include a J-shaped or noppy 
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vein As described below with reference ,0 an alternative embodiment the gnide wire 408 is 
, . H,*n he reolaced with an alternative locating device. 

^ e.ectrode pairs 4,0. 4,0, are — — ^ ZST— • 

. ceased drame. ^ . = ^ ^ „ ^ 

located proxim conversely the second sensing electrode pair 

patt ern defined by fire «-» -» ^TL- activity »ootside" fire ioop. 
410b is distal fire ablation sectton 422 for evaluattng 

Wifir alternative embodiments, one or both of the sensmg electrode pans 41* 410 

i„ » rtktal renion of the catheter assembly 400 is shown in 
fltaMn. only a dtstal region ^ ^ ^ 

40 2 Oncludins fire ^ 400 is se Le,y mattenverabie between 

490 . With fitis config^a on, ^ ^ Jfies of me catheter body 402, the shaping 
15 the retracted posttton of FIG. ISA of nQ 

^-^*«-^*^;^L*«a a. 

16B in which portion, of me vanoos — ^ m ^ directed t0 . 
30 406a„d t hegnidewire408aredi re ctefitomedeployedpos,.ionofFlG. 16B. 
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FIG 17A-17D illustrate use of the catheter assembly 400 within the heart 50, and in 
partieular the left atrium (LA). Prior to deployment of the catheter assembly 400, the ,eft 
atrium LA anatomy is preferably evahtated using an available 3-D imaging device, such as a 
fluoroscope, CT scanner, MRI or ulteasound, to determine the geometry and orientatton of 
me various puhnonary veins (PV). The fluid source 404 (FIG. 13A) is activated ,0 prov.de a 
continuous flow of conductive liquid, (e.g., isotonic sahne solution) to tine first lumen 428 
(FIG 13A) and in particular the ablation section 422 (FIG. 13A). For example, a contmuous 
flow rate in the range of 1-4 ml/min is established ,0 purge air from the firs, .umen 428 

Following tire prepa,au>ry steps, and with reference to FIG. 17A. electrical tso.at.on 
„f a left pulmonary vein (LPV) begins by directing me ca.he.er assembly 400 of FIG. 16A m 
a retracted position .hrough the inferior vena cava (IVQ, into the righ. atrium (RA) through a 
pnncture in the in.era.na. septum (no, shown) and into the .eft atrium LA. Alternatively 
introduction of the catiteter assembly 400 into the righ, atrium RA is also suggested by 
passage of tire catheter body 402 into the righ, a«rium RA .hrough the superior vena cava 
(SVC) The tip 490 of tine gnide catiteter 486 is positioned slightly spaced from me 
puhnonary vein ostium PVO associated with tire left puhnonary vein (LPV) to be isolated 
The ca,he,er body 402 is tiren deployed as shown in FIG. 17B. More particularly tite d,s a 
portion 420 is extended distel ,he tip 490 of the gnide catheter 486. In mis regard, tire dtste 
segmen, 466 (FIG. 13A) of tire shaping wire 406 (FIG. 13A) is wilhin ,he distal portion 420 
of the catheter body 402 such «ha, ,he distal portion 420 forms me hehcal shape shown m 



20 

FIG. 17B. 



Following deployment of tite camcter body 402, tire guide wire 408 is ,hcn deployed 
as illustrated in FIG. 17C. By preferably performing deploymen, of the catheter assembly 
400 in this order, tire opportunity for damage ,o the catheter body 402 is minimized. Once 
25 deployed, tire distal section 482 of the guide wire 408 is substantially concenttic wrth, and 
extends totally beyond, tire helix formed at the distal portion 420. 

Once deployed, the guide wire 408 is utilized to locate the left puhnona* vent LPV 
,0 be treated. In this regard, a fluoroscope Is preferably employed ,0 provide vtsua 
confirmation that tite guide wire 408 is positioned within the left pulmonao, vetn LPV 
30 isolated. 
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The cathe,er body 402 is advanced ove, .he guide wire 408 and into comae. with ,he 

no HD »„ paruculat, tine dUta. portion 420 is pressed again, the tisane wal such h. * 
f led in or by «he distal portion 420 compresses o„.o Mself and ft.** fonned by .he 

ostium PVO To this end, fluoroscopic visualization is preferably 

r.: — . - — ?- 

addition, bipolar electrograms can be recorded from the electrode p 
0 " e "lt:r fr om me fluid s„»ce ( no. shovm, , me ablation section 422 is 
0 to inll app—y 4-10 m,mi„. ^"^^Z 

(F1G . 16A) is energy for example £ * ^ ^ 
irrigated along <h= ablation secuon 422 to the CO J ^ 

15 conducive fluid cashes a conducve pa, ^^^^ 

associated with the ablation section 422 is such tnai This weening 

rf „A/U<T1G 13D) of the ablation section 422. This weeping 
ot ..sweats" .o me extenor surface 444 (F,OM3D) ^ 

anribute serves ,o coo, .he coi, e.ectrode 4 2 an , bee « < 
2 „ .issue, minimizes me opporitmity for mrom^ f— ^ 

Following application of me ablation energy, .he cameter assembly P 
Following PP ablaUon pattem has bee „ 

25 operated to determme whether a closed, electa y ^ 
Wished in .he chamber wall, abon. or onts.de o * « J siffiultaneously 

3 0 :l wafl ,0. U — ng ,e ablation section 422 and the sensmg 



38 



PATENT 
P-8417.02US 



.1. FIG 18B depicts an ablation pattern 494 formed on 

4103 ' 4,0b ' fTSlTJi eUoda parrs 4,0a, 4,0b re,afive to the 
ati ssue»a»496,as W a 1 lasloca«onsofth e se^n g ^ 

ab,a«o„ pattern 494 when the dtsta, porfion 420 (no' s own ^ ^ 
a g al„s, Ore tissua - 496. With ^ — .eond sensing e.ectrode parr 
4,0a is located within the ab.a«on pattern 494^ 

by reference to P.O. * ^ ^ 410fc „ 

defined by the ablation secuon 422, whereas the S e„sing electrode pairs 

410a, 410b are operated to observe an ^ ^ 

ablafion pa«em 494. ,f « * d—d ft* * ^ „ 472 (F1G . 

ablation partem 494, an ablation energy can agar be „ 

the pulmonary vein ostium PVU. su 4 

aboutomeronesorallofdiepulmona^veinostiaPV ^ ^ ^ 

As should be eviden, ftom .he v,ews of P.O. 17M ' 
cath e,er assemMy 400 relative ,0 file ,eft pulmonary vemsLP- s fi g ^ 

„ passage into the left atnum LA^ «»« er, J ^ ^ feft ?trium 

obliquely orientated relative to fire catheter *semb.y P ^ 

is preferably provided wift. a steering capabftfty ^ * P ^ ^ fte 

moreeasil y accessed. F or example,. he gut* c** ^ ^ ^ ^ 

25 tip 4,0 is deflect relafive * remaand« 0 d* „ rfm 

„a„ **>-l^£Z t .**-~.-"+'~ 
providing this steenng capability are well Altematively and/or in addition, the 

ea.he.e. body 402 may be provided wrth a steenng 
3„ ll B .por 1 ion420re 1 a«ve,„aremaindero f meeafine,erbody402. 
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The preferred implementation of the shaping wire 406 (FIG. 16A) to dictate the 
axial., eompressihle, helical shape of the distal portion 420 of rhe ca.he.er body 402 provides 
several advantages. Firs., because me distal portion 420, and in particular me ablation 
section 422, need no. have a rigid charae.eris.ic necessary to maintain the helical shape, a 
compliant, microporons materia, can he used for me ablation section 422, such as htgh 
density expanded PTFE, The microporous maierial facilitates uniform perfus.on of 
conductive fluid .ha. cools me ablation section 422, thereby minimizing me opportunity for 
tte „mbus formation. In addition, a wide variety of differently shaped and sized shapmg 
wires 406 can be made avartab.e to a user, who car. men select the size and shape most 
appropriate for achieving desired ablation. In other words, upon evaluating the pulmonary 
vein and associated ostium, the user can select an appropriate shaping wire that m turn 
dictia.es an optima, size and shape of me distal portion 420 and .he ablation section 422. In 
.his regard, not on.y can an overa.1 size of the ostium (e.g., .arger or smafler) be property 
accounted for, bu, also the associated shape. For example, as shown in FIG. 20A, a 
simplified, side-secfional view of a pulmonary vein PV is shown, including the chamber wall 
.issue T surrounding and forming the pulmonary vein ostium PVO. As is evident from me 
illustration, the chamber wall tissue T is relative., planar adjacent the pulmonary vein ostium 
PVO As such, the selected shaping wire 500 of FIG. 20B includes a coil segment 502 that 
axially compresses to a te.ative.y P .anar loop or series of .oops. During use, then, and as 
shown in FIG. 20C, the te.ative.y p.anar, axially compressed configuration of the shapmg 
wire 500 readily conforms with the relatively planar configuration of the chamber wall tissue 
T, so that an optimal ablation pattern is formed on the chamber wal. tissue T outside of me 
pulmonary vein ostium PVO. 

Alternatively, as shown in FIG. 21 A, me pulmonary vein ostium PVO and assorted 
* chamber wall tissue T can have a n„»- P .anar shape. More particu.ar.y, puhnonary vein ostia 
are often fotmed to have a "saddle" shape. When so identified, a user wtU se.ee a 
correspondingly-shaped shaping wire, such as the shaping wire 504 depicted in FIG. 2.B. 
The shaping wire 504 inc.udes a coi.ed segment 506 that, when axiaUy compressed, assumes 
a non-p.anar shape. During use, and when axiaUy compressed against the chamber wa„ 
30 tissue T, the coiled segment 506 assumes a "saddle" shape corresponding generally wtth me 
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chamber waU .issue outside of (or surrounding) .he pulmonary vein ostium PVO, as dep,c,ed 
in FIG 21C. In practice, by providing a number of in.erehange.ble, bu, uniquely srzed and 
shaped' shaping wires, a user can quickly ab!a,e and dec.rica.ly isola,e all of.be pulmonary 
vein ostia PVOs widrou. removing me catheter body 402 from the left atrium LA. 

Another alternative, more preferred embodiment of a catheter assembly 550 is shown 
m FIG 22 For ease of illustration, only a distal region of the catheter assembly 550 ,s 
depicted. The catheter assembly 550 is similar .0 .he catheter assembly 400 (FIGS. 13A- 
, 3E ) previously described, and includes a delivery catheter 552 and an ablation catheter 554 
The delivery ca.he.er 552 includes a disttl locator 556 and forms a delivery lumen 558 
(shown partially in FIG. 22) .enrnnaung a. an opening 560 proximal me delivery locator 556. 
The ablation ca.he.er 552 is slidab.y disposed within .he delivery lumen 558 such ma, .he 
ablation came.er 552 is selectively dep.oyab.e and retrace relative ,o me delivery cameter 

552 via the opening 560. 

The delivery ca.he.er 552 is show, in greater detail in FIG. 23. For ease of 
fflus.ra.ion, .he ablation catheter 554 (FIG. 22) has been omitted from me view of FIG. 21 
The delivery ca.he.er 552 includes a proximal region 570, an i„.ermedia.e regton 572, and 
4, distal locator 556. The intermediate region 572 extends from .he proxima regton 570 
and .ermina.es in .he opening 560. The dis«al locator 556, in mm, extends from tire 
ml ermedia.e region 572 dis.a, .he opening 560. As described in greater deU.l be.ow, 
deliverycame.er552 i sprefemblys,eerablebomproximalanddis K l.heopemng560. 

,„ Ugh. of me preferred s.eerab.e attiibute of me delivery cameter 552, me proxmtal 
region 570 includes a Y-connecto, 574 coupled .0 a handpiece 576 and a guide piece 5 8. 
The handpiece 576 is of a „pe known in the art and provides c„n<rol devrces 5 0, me 
operation of which effecma.es desired Ending of me delivery ca.he.er 552 v,a pull w,res 
S (1 shown) described in grea.er detail below. The guide piece 578 is fluidly connected to 
the delivery lumen 558 (FIG. 22) and preferably is a hemostatic valve formmg a first port 
582 and a second port 584. The firs, port 582 is available for receiving and dtrectmg a 
separate body, such as .he ablation cameter 554 (FIG. 22, or a dilator (no. shovm) 0 .he 
delivery lumen 558. Further, .he second port 584 is also fluidly connected .0 me dehvery 
«0 lumen 558, and is available for directing fluid .hereto. For example, me second port 584 can 
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liqui ds, such * blood. s70 fcrms ^ delivery 

With furdrer reference to FIG. 24A, P ,„ addition> 

— - - 558 - 

th e proxima, regton 70 omts . ^ ^ ^ ^ ^ ^ ^ . 

— * * T '" 5 n on prefeL — «- livery lumen 558 is 
cluster of electrode wrres 594. In one prete . ^ ^ re gion 

defined by a tube 596 disposed within fite passage 588^ Alter— J 
570 can be configured to integrally form the dehvery lumen 558. The first pul. 

T!^ ,be handpiece 576 to the intemrediate region 572 for effectual steermg or 
extends from the handprece o/o ro The second pull 

r * Oliver, catheter 552 proximal the opemng 560 (FIG. 23). The secono p 
bendmg of the dehvery catheter P ^ Qr 

wiK 592 extends ftom the handp.ece 576 o the d- to 

. h „f "T litem " polyamide, or other high temperature polymer 
as a tubular shaft constructed of Ultem, poiyami fl ible 

, * tn FTfi 24B the intermediate region 572 detines 

electrode 600. With additional reference to FIG. 24B, 

ta delivery lumen ^ ^ fc ^ fomed by 

^ 5 H dlry >-n 558 is avai,ab,e to slidably maintain me 
dre into— regmn 572. .V* * " „ fte opening 560 . The first 

ablation catheter 554 (FIG. 22) or other bo y. ^ 
SO pull wire 590 extends through the first lumen 602 and » secured 
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572 adjacen, fite opening 560. The seeond puH wire 592 extends ^ * . 
60 4 Finally, fire cluster of e,ec,rode wires 594 are mainlined within the thtr lunren 606. 

The electrode 600 is preferably a band electrode electrically connected to one or more 
of rhe clnster of electrode .res 594. With this conation, the ^'^IZZ 
m app,ng decode. Notably, however, the decode 600 is no, a necessary eletnen, for 
the dehvery catheter 552. _ ^ ^ rf 

The intermediate region 572 is preleramy iomic 
U,e proxinral region 570. More particularly, unbxe ,he preferably reinforce , tor q ueab, 
Irion of I proximal region 570, «he intermedia* region 572 is preferably compn^d 
Tier materialLbas nylon, polyureunanc or "PEBAX'™. Wi* this con guratton, dre 
l^late region 572 is highly anrcnab.e ,0 bending via tensioning of the firs, pul, wtre 

te opening 560) dic.es the focal poin, a, which bending of dre intenoedtate regton 572 
a/we,, L an avatlable bend radios. .» a preferred embodhnen,^ — = 

The opening 560 is shown more clearly in FIG. 24C, and preierao y 
or carved edges 60S. This preferred conftgurafion minimizes possible tissue ^ 
fcUvery catheter 552 is passed through bodily lumens, for example vetns. A rem,,vely 
Levi ,he opening 560 may assume a wide variety of odter form, As descrrbed below 
, oLdlip di,a,or (no, shown) is preferably exuded in.o and,or through «he openrng 60 ,o 

The disu. localor 556 exrends dis* beyond ,he openrng 560 ami preferab y 
tatad- decode pairs 6,0a and 6.0b. Furdrer, dre dis<al loca,or 556 preferably ,erm,na,es 

5 decode pair wi,h an e.eo,rode 6.4. Wi,h additional reference ,0 FG . 24D fit Mb-. 
,„ca,or 556 defines fire second lumen 604, maimaining ,be second pol, wtre 592 and * 
fidrd lumen 606, maimaining ,he o.usrcr of e.ec«rode wires 594. The second pull »e 2 , 
anached ,0 fire dislal loca,or 556 adjacen, ,he rip 6.2. The elnsler of decode wues 9 « 
Iced ,o dtc pairs of decodes 6,0a and 6,0b, as wel, as ,he fip 6,2 and fire decode 
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„4 With this configuration, the eleCode pairs 6,0a ana 6,0b, as we,, as the Up 6,2 and 

I * . » - • — m the range of 5 - 2 — > - « 

^Returning ,o FIG. 22, ft. ablation cathete, 554 includes a dista, portion 620 fcrtmng 
^ 1 622 in one preferred embodiment, the ablation eathete, 554 ts tughly 
„ an ab,a,,on seetton 622. In onepref ^ ^ ^ ^ 

embodiments disclosed herein. t 
To facilitate deployment of the ablation catheter 554, a distal end at 

the distal end 624 relative ^ ^ M ^ 

approximately 5 - 45", more preferably 10 . As described g 

^ aWatl0 „ s ec,,on 622, 

includes mapping electrodes 626, 628, prox.m ^ 
respectively. As with previous embodiments, the electrodes 626, 628 are 
30 user in evaluating a target site prior ,0 and following ablatron. 
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The delivery ea.he.er 552 can firrthe, inch.de an additiona. anchoring dev.ee (no. 
shown) such as ,h= bafioon .36 (F.0. 6) or the wire cage 166 (FIG. 7) previously descried. 

During use, the deliver, cadger 552 is firs, dtrected .oward .he target sue e, 
puhnonary vein ostium). In one preferred embodiment, prior .o plaoemenr in the pattern,^ 

extends through the defivery lumen 558 and partially out of me opemng 560. By prov dtng 

waging me tissue wa»s a, me opening 560. Once me intermedtate reg. n 572 and h 
r.oe,or 556 of me defivery catheter 552 have been guided to me genera, area of tntem* 
, 0 g m left atrium LA), me rounded-.ip dilator is removed from .he defivery lumen 558, 

St*- ^oved through the opening 560. m particular, as rhe dista. porhon 620 

lid diaml. mrough me opemng 560, me ab,a.ion ca.be.er 554 is rotated such .ha. h 
SnT«* passes around .he dista. loca.or 556. The preferred deflected or tangentta, 
.7 n of .he distal end 624 relative to a curvature of a remainder of me d,sta. portton 

by the distal portion 620. , 
With the ablafion catheter 554 dep.oyed ,0 .he position deptcted tn FIG. 22, the d ,a 
20 .ocator 556 is .hen maneuvered to locate the orifice in q ues,i„n, for exampfc one of th 
20 locator ,,p er can steer the defivery carheter 552 both proximal 

pulmonary vein ostia. In thts regard, a user can steer tn y 

and dis*. the opemng 560. For example, the firs, pufi w,re 590 (FIG 25A) can be 
Ilpmat* or . nstoned .0 bend the defivery ca.he.er 552 a. me in.emted.ate regton 572 
;:ia, me opemng 560, This first bend serves to "aim" or dnec, tire dtsm, «. » 
25 lerally toward tite orifice (or ostium) of interest. As .he dtsta. .ocator 556 , men 
11 r d or directed .oward fine ostium, .he dista, ,oca,or 556 itsefi can steered v, 

::;:ig - «. — ^ ™ <™. ™> *> - <° — -* *~ 4 

nositioning of the distal locator 556 within the ostium. 

" Joe the *- locator 556 has been positioned within me ostium m ,ue^ 
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„■„„ 620 and in particular ,he ablation section 622, to the Urge. s,te. In other words, ,h 
port , n 620, and np ^ ^ . ^ ^ 

distal ponton 620 rtdes along bla , io „ catheter 55 4 is available ,o 

^^^^^^^^^^^^^ 
— rr~VZZ ti-T vein o,ia require electric, 

1--, catberer 55 2 botb proximal and dista, rbe opening 560 as prevrously 

dKCrib t caflreter assembly o f tbe present — provides a bigb, y £ - 

I itrieHa, is provided tn coupon . ^ 
— sbaped ablation panem about = - - - ^ 
achi eved. Further, by providtng a nuntber of « J> 

15 — ^"^^^^JL body, along with 
loC a,or or guide wire in conjunct^ wuh M * P ^ 
fluoroscopic or other 3-D visualization techntques, factl.Ut.es prop 
positiomngofmecatheterassembly. ^ 
Althoueh the present invention has been descnoea w. 

„ VIM in the art will recognize that changes may be made ,n form and 
20 embodiments, workers stalled ,n Are art w.„ g ^ ^ 

==5Sr=S5== 

pres en, mveution may be utilized in the treadnen , - * ^ 

outflow tract (or pulmonary valve) from the nght ve Alterna tively, a 

muJti . p ,ane helix or spiral may be formed * J „ . 

30 :srrr^-«-----'~* 
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being circmar, a vane* of other substantia.., dosed shapes, inching .rtangular, sc,uare, 
^ona,, etc., are ecu* accede. Mso, severe, of the describe., o,s »v 

ZLi locating device for centering the ioop abon, a pumronary vetn osttum and for 

p~ '» - me ,oca,ing dev,ce may be *r to n 

5 centering device or oniv as a mapping device, or borh. With respect ,o the preferred 

embodiment described with reference to FIG. BA-F.C. ,3D and HO. 22, certain features 
l b Led or eUminated whi.e s,i„ providing a viab.e device. For exampie, 
1 can be emp.oyed ,0 dicta* a heHca, shape of a number of different* co„figt«d 
^bodies L form an abiarion section of something other than a micropore flutd 
10 ^nmateriat. Converse,, me morons materia, ab.ation sectioo 

applied to a ca.he.er body <ha, does no, require a separate shaptng wtre .o fom, me desned 
Sshape Fine,,,, orher feamres may be incorporated into the catheter assent*. Fo 
leader — may include a rapid .change feature for q uic k piacemen, 

over, and removal from, the guide wire. 
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